Introduction
Tuberculum sellae meningiomas (TSMs) represent 5 to 10% of all intracranial meningiomas. [1] [2] [3] [4] Originating from the tuberculum sellae or chiasmatic sulcus of the sphenoid bone, these suprasellar lesions often displace the optic chiasm and optic nerves, eventually causing visual impairment that is commonly the presenting symptom. 2, 3, 5 TSMs have traditionally been removed transcranially via several different approaches, including bilateral subfrontal, 3, 5, 6 unilateral subfrontal, [7] [8] [9] pterional, 4,10-16 and-more recently-lateral supraorbital 17 and supraorbital keyhole craniotomies.
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There is a growing acceptance that endoscopic transnasal surgery is a useful alternative to transcranial approaches in surgery for anterior skull base lesions such as pituitary adenomas, craniopharyngiomas, chordomas, and meningiomas. Among this group of tumors, TSMs may be particularly well suited for resection through this operative corridor, as they require a longer reach and potentially more brain retraction when removed transcranially. Other potential advantages of the transnasal approach include early decompression of optic structures, avoidance of damage to subchiasmatic perforating vessels, and early devascularization. 2, [21] [22] [23] [24] Despite these theoretical advantages, the Keywords ► tuberculum sellae ► meningioma ► endoscopic approach ► transcranial
Abstract
Objective To evaluate the results of endoscopic transnasal resection of tuberculum sellae meningiomas (TSMs) as compared with transcranial approaches. Design We retrospectively analyzed five patients who underwent endoscopic endonasal resection of TSM and performed a comprehensive review of articles published between 2000 and 2012 describing the operative treatment of TSMs.
Results Gross total resection (GTR) was achieved in four patients (80%). Transient diabetes insipidus occurred in three patients (60%). Preoperative visual field deficit resolved in all patients. Cerebrospinal fluid (CSF) leak occurred in one patient. Analysis of published studies included 1,026 transcranial and 144 transnasal cases. GTR was achieved in 85% of transcranial and 72% of transnasal cases. Visual field deficit improved in 65% of transcranial and 82% of transnasal cases. Rate of diabetes insipidus and CSF leak was higher in the transnasal series. Rate of GTR and visual improvement was higher in endoscopic endonasal as compared with microsurgical transnasal series. Conclusion The literature supports transsphenoidal surgery for the resection of TSMs with significant optic nerve compromise and limited lateral extension. This approach may have an equivalent if not superior outcome over transcranial surgery in visual outcome. CSF leaks are still a challenge but may improve with the use of vascularized nasoseptal flaps.
application of endoscopic endonasal surgery in the treatment TSMs has been reported in only a limited number of series. 
Surgical Technique
In four of the five patients, a lumbar drain was placed prior to beginning the surgery. The patient's head was fixed in a Mayfield headholder and a fused computed tomography (CT)/magnetic resonance imaging (MRI) image-guidance device was attached and registered. The nares were then inspected, and septoplasty was performed if septal deviation was found to obstruct the passage of endonasal instruments.
In all but one case (a reoperation in a patient who had previously undergone a transseptal approach at another center), a nasoseptal flap based off septal branches of the sphenopalatine artery was harvested to the level of the columella. If needed, a posterior ethmoidectomy was performed to permit access to the face of the sphenoid. Subsequently, a generous sphenoidotomy and posterior septectomy was performed for wide visualization of the skull base, including planum, tuberculum sella, and sella. Image guidance was used to confirm anatomic landmarks, including optic canals, carotid protuberances, and lateral and medial opticocarotid recesses. The sella and the tuberculum between the medial opticocarotid recesses were drilled with a diamond bur with generous irrigation until thin enough to be safely flicked off. The dura overlying the tuberculum and planum was opened sharply, using the endoscopic bipolar and hemostatic agents to control any dural or intercavernous bleeding. After internally debulking the tumor with a suction or a side-cutting aspiration device, bimanual dissection was employed to dissect the tumor from the optic nerves and floor of the third ventricle, maintaining the arachnoidal plane. The angled endoscope was used to circumferentially inspect for any residual. Once resection was deemed complete, or if further resection would endanger critical structures, a dural substitute inlay graft was placed inside the dural defect and the nasoseptal flap was then laid over the bony opening and held in place with fibrin glue. Finally, nasal tampons were placed to help buttress the reconstruction.
Assessment
All patients presenting with visual symptoms underwent preoperative and postoperative visual testing by an ophthalmologist, including formal visual field testing. Comprehensive endocrinological testing of anterior and posterior pituitary function was performed where appropriate. Preoperative (►Fig. 1) and postoperative (►Fig. 2) MRI of the brain with and without administration of gadolinium was performed for all patients. The extent of tumor resection was assessed by the senior author at the time of surgery and confirmed by postoperative imaging.
Literature Search
A search of the PubMed database was performed to identify all articles published between January 1, 2000, and January 31, 2012, that discussed operative treatment of TSMs. Meningioma, tuberculum sellae, endoscopy, transsphenoidal, and transcranial were used as search terms. We limited our search to literature after January 1, 2000, to allow for better comparison between transcranial and transsphenoidal series. We then searched all references in these manuscripts. Only articles in English were reviewed. Articles were included that clearly reported the treatment modality used. Reports including other types of anterior skull base meningiomas (e.g., planum sphenoidale or olfactory groove) that were inseparable in the results were excluded. When a single center had provided more than one report of its results, the longest follow-up was used for the analysis of outcomes. Data from individual reports and case series were extracted. In series using more than one operative approach in which disaggregated data was not provided, data was collected under the heading "mixed series." We attempted to report visual outcome data only for those patients who were known to have a visual deficit preoperatively. Gross total resection (GTR), visual outcome, and complications are reported as a percentage of patients for which this data was provided, which may not be equal to the total number of patients in the series reviewed. Due to the heterogeneity of data reported and paucity of disaggregated data, no statistical analysis was performed. This data was designed to be descriptive rather than absolute.
Results

Demographic Data and Clinical Presentations
The cohort included 3 women and 2 men, ages ranging from 31 to 66 years (mean, 51 years). The most common presenting symptom was visual loss. In one patient who had previously undergone transseptal transsphenoidal microsurgery for a coexisting pituitary adenoma years before, the lesion was found on routine follow-up imaging (No. 3). One patient had previously undergone radiation at the age of 6 years for tinea capitis (No. 4) and was noted to have multiple intracranial lesions in addition to a TSM. A summary of the characteristics and outcomes of all patients is provided in ►Table 1.
Imaging Evaluation Results
Tumor size, as estimated by the maximal linear dimensions on preoperative MRI, varied from 2.3 cm 3 to 11.9 cm 3 (mean, 6.3 cm 3 ). Lateral extension of the tumor ranged from 0.9 cm to 2.5 cm (mean, 1.9 cm). Optic chiasm and/or optic nerve compression was noted in all cases. Cavernous extension of the TSM was noted in one patient (No. 4). Lateral optic canal extension was not noted in any of the patients.
Operative Findings
Estimated blood loss was 200 to 300 mL (mean, 220 mL). The optic nerves and chiasm were visualized and fully decompressed in all patients. In all patients, the skull base was repaired with an inlay of dural substitute and a nasoseptal flap onlay reinforced with fibrin glue. Fat harvested from the abdomen was used to reinforce the sella repair in two patients (No. 2 and No. 4). Histopathology confirmed grade I meningioma in all cases. 
Evaluation of Tumor Removal
Simpson Grade I tumor resection was achieved in four of the five patients (80%). Subtotal resection was performed in the patient noted to have significant intracavernous extension of the lesion (No. 4). Postoperative MRI imaging confirmed residual tumor only in this patient.
Endocrine Results
No patients were found to have preoperative diabetes insipidus (DI). DI developed transiently in the postoperative period in 3 patients, resolving within 2 to 3 days of surgery in 2 of these patients and within 3 weeks of surgery in the third patient.
Ophthalmological Results
Two patients had a preoperative hemianopsia, verified by formal visual field testing. Postoperatively, in both cases, visual acuity and visual fields normalized after surgery. Subjective improvement of vision was reported by two other patients with visual complaints and no visual field deficit. Follow-up did not reveal new visual deterioration in any of the patients.
Postoperative Care 
Complications
No perioperative mortality or permanent neurological deficit occurred in any patient in this study. In the patient (No. 3) who had previously undergone transsphenoidal surgery and septoplasty for a pituitary adenoma, we were unable to harvest a viable nasoseptal flap for the reconstruction. This patient presented on postoperative day 14 with CSF rhinorrhea. Though she did not have meningeal signs, CSF sampling revealed a meningitis for which she was treated with the appropriate antibiotics. She was taken back to the operating room, and the previous inlay graft was buttressed with an abdominal fat graft. The patient recovered uneventfully and was doing well at last follow-up. Tumor recurrence was not noted in any of the patients on postoperative imaging during the follow-up period of 12 to 36 months (mean, 24 months).
Review of Literature
Transcranial Surgery
Our literature search revealed 1,026 TSMs in 32 published series resected using transcranial surgery since 2000 (►Table 2). 
Discussion
TSMs are slow-growing dural-based tumors that are rarely malignant, but their location at the skull base and close relationship to important neural, vascular, and endocrinologic structures render surgical treatment challenging. As they grow, TSMs typically displace the optic nerves and internal carotids laterally, and the chiasm posteriorly. They usually maintain an extra-arachnoidal location, creating a plane between the tumor and surrounding structures but exerting a compressive effect. Although they typically do not invade vessels, they may adhere to vessel walls or even engulf them. Visual dysfunction is the most common presenting complaint.
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There are several key structures to consider in the surgical approach to TSMs. Preservation of visual function and minimization of trauma to the optic apparatus are of utmost importance. Cognizance of nearby vascular structures such as the internal carotid and anterior cerebral arteries that may be displaced is also essential. Special consideration for transnasal approaches is paid to the minimization of postoperative CSF leaks. Permanent or transient DI and endocrine insufficiency may result from damage to the pituitary stalk or gland. True radical resection of the affected dura and involved bone is curative of TSMs; however, most surgeons agree that regardless of the chosen approach, complete removal should not be performed if attendant risk to critical neurovascular structures is deemed too high. In these cases, a small remnant may be left with continued close follow-up thereafter, as was done in patient No. 4 of our series.
The optimal surgical technique for the removal of TSMs is a subject of wide debate. Transcranial surgery, which can be performed via several different approaches, has traditionally been the treatment of choice for suprasellar lesions. However, advances in transsphenoidal surgery have challenged the primacy of transcranial surgery in the treatment of suitable suprasellar lesions such as craniopharyngiomas and TSMs. To compare the outcomes of transcranial versus transsphenoidal surgery, we performed a comprehensive review of the recent literature after the year 2000 on the surgical treatment of TSMs. We discuss the results of this review and outline the pros and cons of each surgical approach.
Transcranial Surgery
The most commonly used approaches in transcranial surgery for TSMs are bilateral subfrontal, unilateral subfrontal, pterional, and more recently supra-orbital keyhole. In our review of the literature, we did not feel that there was adequate disaggregated data to compare the outcomes of the various approaches; thus we will discuss the theoretical advantages of each.
The subfrontal approach, once more widely used, has waned in popularity: out of 1,026 cases reviewed, only 12.6% were performed by unilateral subfrontal approach and 7.9% by bilateral subfrontal. Although the bilateral approach gives a wide and direct view of both optic nerves with minimal manipulation of the optic apparatus, 33,45 the main disadvantage is that it requires elevation of both frontal lobes. A high incidence of postoperative brain edema and venous brain infarction has been noted, and the neuropsychological effects of frontal lobe retraction are receiving greater attention, leading some to disfavor the technique. 36 Potential This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. injury to the anterior cerebral artery (ACA) is another cause of significant morbidity. 1 The olfactory tracts must be dissected and may also incur damage during the procedure. Finally, the technique often involves opening of the frontal sinus, risking CSF leak and meningitis. 36 Although the unilateral subfrontal approach obviates the need for bilateral retraction, it results in a more limited view of the optic apparatus, 45 and therefore the bifrontal approach is often preferred for large tumors.
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Out of the cases reviewed, the pterional approach was the most popular (52.7%). This technique represents a shorter distance to the tuberculum sellae and does not require frontal sinus opening. 33, 45 The procedure allows for early removal of CSF from the basal cisterns to allow brain relaxation, early identification of the optic nerve and carotid before tumor dissection, and preservation of the contralateral olfactory nerve. 33 However, frontal brain retraction may still be required, and the operative corridor can require manipulation of the ipsilateral optic nerve and carotid, which are between the operator and the tumor.
33,35
Recently, there has been interest in the use of the supraorbital approach as a less-invasive alternative to typical transcranial methods, either through a supraorbital keyhole 18, 19, 31, 38 or as modification of the pterional approach.
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The supraorbital keyhole employs microsurgery and/or endoscopy to reduce the size of the craniotomy and reduce postoperative discomfort. 18 Exposure is limited, but the use of the endoscope broadens the surgical view. Complications include damage to the frontotemporal branch of the facial nerve and occult frontal sinusotomy, 18,38 as well as cosmetic concerns. The lateral supraorbital approach is a less-invasive modification of the pterional approach that may reduce the incidence of postoperative brain edema and venous infarction. This approach has similar surgical results as more extensive transcranial approaches.
Transnasal versus Transcranial Surgery
To obtain direct access to midline anterior skull base lesions without encountering interceding brain or neurovascular structures, transnasal approaches are increasingly being utilized. Originally used for primarily sellar lesions, this approach has been modified to access suprasellar lesions as well, known as the extended transsphenoidal approach. 22 This modification requires additional removal of bone along the tuberculum sellae and posterior planum sphenoidale and opening of the dura to allow access to the suprasellar space. Among anterior skull base meningiomas, TSMs are particularly well suited to transnasal resection. Due to their proximity to the optic apparatus and pituitary gland, these tumors typically present with a relatively small size that facilitates easier resection through the transnasal corridor. The transnasal approach allows a direct and natural angle of approach to the base of these tumors. In comparison, meningiomas arising from the planum or olfactory groove are typically larger in size and require a more vertically angulated view.
Comparison between transcranial and transnasal approaches is limited due to the heterogeneity of cases and selection biases. Transnasal series are significantly skewed toward smaller lesions 29 and more midline tumors. Table 3 Tuberculum Sellae Meningiomas Gadgil et al. 207
Nevertheless, it is useful to compare the relative advantages and disadvantages of the two approaches. Visual outcome is one of the most important factors to consider in the surgical treatment of TSMs. 13, 24, 39 In our review of literature, postoperative improvement of vision was seen in 82% of cases using the transsphenoidal approach, which compares favorably to the 65% reported in the transcranial approach series. Worsening of vision was seen in 8% of cases in the transsphenoidal group, compared with 14% in the transcranial group. Though direct comparison of these disparate series is difficult, we believe the following factors contribute to these striking results. First, the optic apparatus is often severely stretched by the TSM and therefore very sensitive to surgical manipulation. The transsphenoidal approach to the suprasellar space eliminates the need for manipulation of the already compressed optic apparatus. [22] [23] [24] Second, approaching the TSM from below allows the operator to stay within the arachnoid plane and protect the optic apparatus. Subchiasmatic perforators that provide the blood supply to the optic chiasm are therefore visualized early and damage to them avoided. 24 Lastly, because TSMs typically displace the optic apparatus superiorly, the transsphenoidal approach allows that tumor may be removed beneath the chiasm immediately after entering the suprasellar space. Thus, decompression of optic structures occurs early. If tumor involves the lateral optic canal, there is little controversy that the transcranial approach is superior. However, for midline tumors, the transnasal approach may have a better visual outcome. Postoperative CSF leak is a potential complication of both transnasal and transcranial approaches. However, it is certainly more common with the transnasal approach, which requires reconstruction of the skull base using careful grafting closure to prevent leak. [21] [22] [23] In our review of literature, CSF leak was noted to occur in 21% of transsphenoidal cases, yet also in 3.8% of transcranial cases. The use of a vascularized flap pedicled on the nasoseptal artery has greatly enhanced the ability to reconstruct anterior skull base defects. 23, 46 This technique has resulted in a drop in CSF leak rate for endoscopic anterior fossa approaches. 47 The only case of CSF leak in our series occurred in a patient in which we could not elevate a viable nasoseptal flap due to previous transsphenoidal surgery. In reconstructing the skull base defect, we prefer using a thin inlay graft of a dural substitute that closely apposes the dura and is not bulky and thus spares the optic apparatus from compression from the reconstruction. Continued development and refinement of flap coverage techniques will likely improve CSF leak rates after transnasal surgery, although this complication will likely be more common in transnasal as compared with transcranial approaches. As with the transcranial approach, cognizance and preservation of the pituitary stalk and superior hypophyseal artery is paramount to preventing permanent DI or hypopituitarism. Using the transsphenoidal approach, permanent postoperative DI was noted in 2.7% of cases. In contrast, 0.3% of patients in the transcranial series experienced permanent DI. These results may reflect the possibility of damage to small hypothalamic perforating arteries or the pituitary stalk using the transnasal approach. Transient DI is a relatively more common postoperative complication, and diagnosis and treatment of this condition varies widely. Three of the five patients in our series experienced transient postoperative DI, though in two patients it resolved within a few days of surgery. In our experience, hospital admission is not usually prolonged by the presence of DI if extensive patient education has taken place.
Extent of resection is important in predicting risk of recurrent tumor and possible need for additional treatment. In our review of the literature, transcranial series proved to have a higher rate of GTR (85% versus 72% in transnasal series). This is likely due to the wider exposure and visibility afforded by transcranial techniques. However, follow-up data are insufficient at this time to compare rate of tumor recurrence between the two approaches.
Several other factors related to surgical morbidity of transcranial versus transnasal approaches deserve mention. The transnasal approach obviates the need for brain retraction, greatly reducing the incidence of brain edema and venous infarction. The neuropsychological effects of frontal lobe retraction are also being increasingly recognized. Although not always reported as a complication, edema is a relatively common consequence of transcranial surgery. In addition, the transsphenoidal approach allows a relatively bloodless debulking of tumor. Feeding vessels to TSMs often arise from the ethmoidal arteries and dural base and may be coagulated prior to entering the tumor. 2, 21 This factor may contribute to the significant decrease in intraoperative blood loss seen in transsphenoidal versus transcranial surgery for TSMs.
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Currently, the literature supports transsphenoidal surgery as an option for the resection of small to medium-sized midline TSMs with limited extension. Transcranial surgery may be more appropriate for large TSMs (> 3 cm) with significant lateral extension, vascular encasement, or significant invasion into the optic canal. 2, 3, 21, 22, 25, 26, 43 Typically, we use the lateral part of the optic canal as the anatomic lateral limit of transsphenoidal resection, as resection beyond that point requires manipulation of the optic apparatus, nullifying the major advantage of this approach. With improved technique and increasing experience, it remains to be seen whether endoscopic endonasal surgery will allow the safe removal of larger, more extensive TSMs.
Microsurgical vs Endoscopic Transsphenoidal Surgery
Transsphenoidal surgery for TSMs may be accomplished using 3 methods: microsurgery, endoscopic assisted microsurgery, and purely endoscopic surgery. Microsurgery is conventionally performed transseptally using a sublabial or endonasal approach. However, the extent of exposure provided by the narrow view of the operating microscope is limiting, especially in TSMs with lateral extension.
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The angled endoscope provides superior visualization of the suprasellar space and close-up, unobstructed views of the microanatomy. 2, 21, 24, 26, 27 Purely endoscopic endonasal surgery takes advantage of the magnified, panoramic view provided by the endoscope. This operation is a two-surgeon procedure requiring coordination with a rhinologist. Endoscopy, in contrast to microsurgery, does not require the use of a transsphenoidal retractor, allowing increased flexibility of instrumentation and minimization of rhinological trauma. Greater flexibility in trajectory may allow for the removal of larger tumors involving the parasellar space. 27, 28 Loss of stereoscopic vision can be compensated for by dynamic adjustment of the endoscopic depth to help gauge distance. Improvement in visibility and ease of instrumentation, and the ability to use angled scopes in the endoscopic endonasal approach, may contribute to a better visual outcome and rate of complete tumor resection. In our review, vision was noted to improve in 87% of endoscopic cases and vision worsened in none, versus 76% improvement in microsurgical cases and vision worsening in 19%. The rate of GTR was also improved: 65% of microsurgical cases versus 78% of endoscopic cases.
Limitations
As pointed out by other series, there is a significant selection bias related to tumor size between transcranial and transsphenoidal series. 29 The published studies concerning transsphenoidal surgery are few, and analysis is made difficult by heterogeneity in reporting data and inclusion of a variety of lesions, not just TSMs, in the studies. The lack of long-term follow-up limits outcome assessment. For this reason, our review of literature is a descriptive rather than statistical comparison between the two approaches. Despite these limitations, we believe that comparing the advantages and disadvantages of the two approaches is appropriate and useful.
Conclusion
A review of the literature and our own series of five cases confirms that for well-selected TSMs with significant optic nerve compromise and limited lateral extension, endoscopic endonasal resection is an excellent option. For suitably sized TSMs, this approach may have an equivalent if not superior outcome over transcranial surgery in visual outcome and rate of complete tumor resection. Postoperative CSF leaks are still a challenge-but though once considered technique-limiting, they are now manageable. However, most surgeons agree that transcranial surgery is still considered the treatment of choice for tumors of large size, invasion of the optic canal, and vascular encasement. 22, 26, 31 As the published experience with endoscopic endonasal surgery increases and longterm data are obtained, its advantages for suprasellar lesions such as TSMs will likely be borne out.
